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ESTABLISHMENT OF AEROGENICALLY TRANSMITTED VIRUSES ww
EXPERIMENTS ON SEDIMENTATION OF VIRUS IN AEROSOLS

Zent.alblatt fur Bakteriolopie, Parasitenkunde,
Infektionskrankheiten und Hypiene

(Central Bulletin of Bacteriology, Parasitology,

Infoctious Diseases, and Hygieno)

Vol 201, No 3, Nov 1966, pp 273=301, Jakob Petmezakis

Hospitalism, iits causes and its control, confront scientists dealing
with this topic with some rather difficult problems, The exploration of tha
manner in which viruses are spread, particularly the study of aerogenous
transmission, is particularly important here.

At the International Symvosium on Smallpox Vaccination, Lyon, 1962.’
MacCallum tried to discuss and clarify the problems of smallpox virus cone
munication at the smallpox stations as such and in the cleser and broader
vicinity of hospitals; he thought that the escape of virusecontaining aero-
sols through the windows plays a great role here. He quoted the investiga~
tions of Power (1885) who systematically checked 1,000 houses in the viecin-
ity of a smallpox hospital and who discovered the typically graduated occure
ence of smallpox cases; the orizin theories on the communicatior of this
disease through the air are based on this, But not even MacCallum could he
sure of his explanation as to the way in whizh smallpox can be communicuted
near hospitale or whether thie was just an accidental infection. In his
opinion, however, we can be sure that infectious aerosols do devolop in
smallpox wards and these aerosols can spread through the air. He indicated
that very careful and thorvugh investigations are required *o answer this
quostion,

This problem became particularly important as a result of the oute=
oroaks of smallpox in 1961 and 1962 in North Rhine=Westphalia (lammersdorf-
Simmerath, Kreis ¥onschau), In this connection, Arders (1353) revorted
that a 9eyear old girl supposedly became sick due to infection through
courhing because she was 20 meters away from sick persons inside the hos=
pital. ‘

It i8 my purpose hers to investipate the dynamics of an infectious

aorosol and to obtain a more accurate idca as to the mechanism of the aerow
ronous communication of virus-conditioned diseases, For this purpose I
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porformed oxperimonts with virus~containing aerc-sls:

. (A) in the droplet phase
> (B) in the dust phase

considering various factors which are at work in the air and which may ine
flusnce the aerosola,

Propertles of Aesrcsols

The viruses in the ailr are found there in the frrm of aseroscls and

we find that the same physical-chemical laws apply to the microbdal aerosol
48 t0 industrial aserosols,

By the term aerosols we mear colloid systems with gaseous disporsion
means, liquid substances distributed in a colloid fashion are fogs or
mists whereas in the solid state thoy are various forms of dust. In an
isodispersed aerosol, all components roughly have the same size; a poly-
dispersed aerosol consists of particles of varying size. The suspended
particles contained in an aerosol can vary in size, Wo distinpuish coarse-
dispersed { > 10=5 cm dismeter), colloid-disper;ed (103 to 10~7 em dia-

m;éter)-). and molecular-dispersed systems (< 10"/ cm diameter){Carlson 1960
1961),

Compared to other colloid systems, aerosols generally contain a large
; proportion of coarse particles (Sirgenson amd Straumanis, 194Q), Tt is

= therefcere difficult to get aerosols whose particles is less than 200 mru,

: Condensation aerosols (that is, aerosols with condensed droplots) primarily
reveal particles whose diamoter is about 600 mmu but we can often also ene
counter particles wiith a size of about 20 mrmu diameter.

The concentrations of the aecrosols generally are between 1-1,000
mg/m3. At higher concentrations, the particles cannot remain in suspension
l for a loncor period of time because they coagulate and Lecome sedimented,
As a result of thls sedimentation, the acrosols are converted into aeropels
| (gels rosult from the combination of tiny primary particles of a sol into
larzer secondary particles); this is a process which is important in aero=
: scl separation, Stokes' resistance equation applies only for coarsa dust
! particles and droplets ' th a diameter of more than 20 mu (see formula te-
low, under subheading 2. Experiment).

. The stability of an aerosol depends on various environmental cordie
tions, such as, the electrical room charge, the air movement, the tempera-

: ture differonces, the degree of dilution, &s well as the physical and cheme

u P ical character of the dispersion agent (Kliewe und Wasielewski, 1952),

The physical and chemical properties of a2 dispersion agent can ine
fluence the aerosol; for instance, when we atomize non-albumen containing
liquids, water evaporation is specded up and the size Mcircumference” of
tho droplets is thus reduced (Gaidamovich and Viedavets, 1963), In other
words, virus particles can remain suspended in a nonealbumen containing
liquid for a lonter time &nd in larger concentrations than in albumen~cone
taining liquids,
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Put there is rcason to assume that the onvironmental factors
(Frown's molecular movemeont, electrical room charge) have a greater influe
ence on the stability of an aorosol than the proporties of the dispersed
poriion. If wo have an aerosol with extroemely finoly dispeorsed susponded
particles, we can observe 8 relatively fast arplomoration of the particles,
whereby woe ot an averape of 2,5 mu for the dismeter. If we get this value
thon tho a.rlomeration stops when the corresponding asrosol is present in a
hirh concentration (Remy, 1949).

Author's Investirations
Praliminary Fxperiments

I solectod hacteriophages as model for my preoliminary exverirmcnis
because they have no pathoponicity, beecavso their presence can bo estabe
lished quite readily, amd becausc they rogquire little in the way of prepara=
tion time, In my preliminary eoxperiments I was primarily interested in the
following:

1. Tho applicability of Xoch's scdimentation method (R, Koch);

2. Tho duration of suspension;

3. The dependence of the sedimentation tendency on the air humidity
in the experimentation chamber,

Material and Methods

For ry prolirinary experiments I used an airtight chamber with an
air volume of 387 lite=s in which a T, bacteriophave suspension was atomized
by means of a medication atomizer (Tyge V=1, Drarer Company, Lubeck).

The atordzer nozzle was connocted to a compressod-air bottle from
which gas {lowed into 2 rressure-rcducer throurh tho bottle valve (see Fige
ure 1). Here we ean rriuce the gas to a lower working pressure and it then
flows in variable volur-e; throurh the irmcorsion tube and the atomizer noz-
zle into the atomizer bottle. While passin~ throurh the nozzle, the gas
sucks the phape-containing liquid in and atomizes it., Theo nozzle should pro-

+ duce mostly particles with a diamoter of 15 mu (according to the Drager
Company, Lubeck, tho average partiecle diamoter 4is around 2 mu); howsver, I
aid not work out a brealkdown of the particle size here,
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Fig 1, Suction bottle, eo'nnec-t:ed to vacuum pump,
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Whon we investigate the bohavior of phago-containing aeorsols, we
should use mothods and apparatus which:

(a) will bo easy and fast to handle;

(b) will be equally easily and well applicablo %o coarse ard to
small phago=-containing, respoctively, virus-containing dust particles;

(c) will guaranoo tho fastest possible registration and identifi-
cation of all phares (respoctively, vaccine-viruses) or phage-loaded part-
i¢les per volume of eir; and

(d) will facilitate the dotermination also of short-term changes in
the phage or virus concentration,

The literature contains numerous methods which can he usnd for tho
establi shment or counting of living miercorganisms fourd in the air
(Albrecht, 1955).

In addition to the methods mentioned by Albrecht (1955) optical
rochods have also been used to establish the presonce of mioroorganisms in
the air (Ferry, Farr ard Hartman, 1949; Forry, Farr, et al, 1951; Gucker and
O'Konski, 1949). Bui these methods are disadvantagoous in that it is very
difficult to obtain a differentiation or specific identification of the
md croorganisms with them and in some cases this is irvossible altogother.

Koch's sedimentation method is basad on tho rrinciple that particles
supperded in the air can be identified through the exposition or exposure
of plates. Of course, this method, compared to the aspiration methods
deseribed under the heading of ain Exneriments, is not sufficiently accur-
ate; but it doos offer tho advantare that the atmosplere in the experiment-
ation chanber 1s not "violated," I atomized 0.8 ml of a bouillon-diluted
bacteriophage suspension containing 18,000 units peor ml.,

The air huridity was adjusted prior to each experiment by spraying
air with a spray bottle; here I had to make sure that the water droplets,
which for the time being were still nccessary to produce air humidi ty,
would be sodimented-out prior to the subsequent phage-atomdization, Tho
relative air hurddity was controllad during the experinrents with a hygrometer.
To perform Kech's sedimentation experiment, I used Petri dishes which con=
tained blue-agar inoculated with the coli strain "B', After determination
of the experiment, the dishes were incubated for 24 hours in the incubator
at & temperature of 37" C.

$~0|: hgnt .
CE Groer (b)
g 4 ([Jreore ()
(a)g i
i
: | i
3L - B e
A PAAY ) S 1Y
\ Zuswr (d)

Fig 2, Comparison of sedimentation of a virus aerosol with high and low

titer.,
Key: a. number of viruses sedimented <. low
b, high d. time (hours)
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: Mg 3. Deperndence of sedimentation of g virus aocrosol on relative air
humidity.
Key: &. number of viruses sedimented d. medium
b, relative air humidity e. low

] c. high

£, time {hours)

Results of Preliminary Experiments

1, Experiment for determination of suspension time, respectively,
sedimentation tendency of a phage aerosol:

The preparad plates were exposed at 3 different points in the chamber
(designated with I, II, and III in Table 1) for 10 minutes, each, at various
times, more specifically, during atomization, right afterward, and then 30
minutes, 1 hour, 1-1/2 hours, 2 hours, and 2-1/2 hours after atorization.

\ N
- J
Fig 4, Introducticn of Petri dishes, containing blue-agar and Coli Bfam

into the experimentation chamber,
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Table 1, Susponsion TMime and Sedimontation
Terdency of '1‘3 Phagos

g . Exposure Sarpling No of Phages Relative
! \ Time Points Por Dish Bumidity Tomperctura
' Prior to atonmiration,
o § . empty control ¢ 509 20° ¢
| During atomization % : :
I ++ 53% 21° ¢
3 III
3 Rirht after atomization 1 30
= (10 rdn exposurse) 11 25 e 21.5° ¢
2 111 23
= 20 min after atomigzation I 1L
(10 mn exposure) II 16 53% 21° ¢
I11 17
O 1 hour after atomization X 11
: (10 min exposure) 11 14 49¢ 21.2° ¢
) Il 12
1-1/2 hrs after atomiza~ 1 ?
- tion (10 rin exposure) II 4 493 21° ¢
] IIX 3
; 2 hrs after atomization I ¢ o
(10 min exposure) 11 504 2.1° ¢
111
2-1/Z hrs after atomizae I o
; tion (10 min exposure) II ¢ 0% 21" ¢
: 11X

Symbols: ++ Phages cannot be counted
$ No phages

| ; The relative humidity in the experimentation chamber corresponded to
: : the humddity prevalling in areas or rooms on our geographie latitudes

: (40-50%); the temperature was about 20=22° C, The results obtained here
are shown in Table i; this table shows us that phages can still be estabe
1ished in the air 1=1/2 hours after atomization,
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Fig 5. Opening ani :“~-*=~= +hs Petrl dishes during experiments; on the
left, the hygrometer for measuring the humidity,

Fig 6. Compact FL cell growth used to establish tho virus aerosol (micro-
scopic ohotopraph, enlarged 1:80).

2. Experiment for invostigstion of influence of reduced relative
humddity: .

To achieve a lower relative humidity, we placed two dishes wilh dry
caleium chloride on tho bottom of the experimentation chamber. iwithin Z0
hours, the relative humidity droppod to 16-20% and this was onough for the
doterminations we wanted to make here, Table 2, below shows us the results
achioved,

Tho number of phages established on the Petri dishes had been reduced
ip contrast to the numbers found at normal humidity; when the air humidity
was lower, the phage concentration in the chamber also decreased somewhat

more slowly.
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Tablo 2. Scdimentation Tendeney of T3 Phage Acrosol
at Keduced Reolativo Alr Humidity

. . Entnnhmo. A“,mm ler Relntivn |
Teit dor Kxposition atelion p:‘,h'}fl::ln Luftfenchte Trmperatur
. La).. (L. "0 (d) ()
Var Vernebelting “- -
{Loerkontrollo) (f) ® 1T% e
1
Wahrend der
X 11 i 177 s,
Veenebelung (g) 11 1 o
Unnuttelbar H 20
pach Vernebalung () 1 17 17% 2,3°C
{10 Min. Exposition) I 10
¥ Minunten 1 H
nach Vernebelung (i.) n 14 207, c.2¢
{10 Min. Experinion) 111 10 o
1 Stande 1 7 : .
nach Vernehalung (1) n L Uy 2.3°C
{10 Min. Exposition} 11 [}
1.6 Stunden . I 4
pach Vernebwluag (k. 1n 3 207, 24°C |
{10 Min. kFxposition) 111 2
2 Standen 1 .
nach Vernelolung (1) I N 207 22,e°C
(10 Min. Lapoaition) 11
4.8 Stunden 1
nach Vernebelung (m) 1 2 18% 22,8°C

(10 Min. Exposition) 11

Koy: Mfor Itoms & == m, soe Key, Table 1, above?
Symbols: + at the 1irmdt of countability
3 no phages

3. Experiment on tho influence of incroased rolative air humidity
on the suspension time of the 'I‘3 pharo acrosols;

The experimontal setup here was tho samo as in experiments 1 and
To achieve tho desirod relativoe air humidity, we proceoded as ceseribad
above (control by means of & hy;romecter), Table 3 shows us thai, in combine
ation with high humidity, considerably rore T, phago droplets wore sedimented
Aeewad

QU anig

2.

the first 30 ninules than when the air- humdity was madivm or low.
Subsoquently, howover, we observed a continual deerease in sedimentation.
The larpe number of 'I'3 phaces, sadimented during the first 30 minutes after
atormization, caused a“rapid docrease in tho pharse concentration and this,
arain, lod to a shortening of the suspension time,

The results obtained in tho proliminary experimonts with respect to
the influence of tne suspension time and the relative huridity will be dis-

cussed togethsr with the rosults of the maln experiments at the ond of this
article.

™
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Tablo 3. Sodimontation Tondency of T3 Phage Aerosol
at Incroased Relative Air Humidity

Anrahl doer

. Fntnnlime. Relntive
Zeit der ixpoution whellin wl“hnc" n' i Luft ('HI“;:M Tewnporatyr
() ey TR @ @)
Vear Vernd helung, -~ - N e
{Lewrkontealley v/
1

:‘ ““n,"‘" “'-.' () 1 4 4 | (1 L1°C

RIS B 1"
Unnuattolbar 1
nach \’vrln'\n‘lung(h) 11 4 o1, 24,7°C
(11 M Faposinion) nt
Ao Minten .. 1 4 .
nach Veepobelang (1) i At Ry, 21%C
(10 Man, Foxpimitian) 11 “
1 Stunde 1 N
nnch Vornebelung (j ) 1 R RR" 20870
(10 M. Baposition) . 1Mt an
1,5 Stunmilen 1 . 7
nech Verncbeling (K) m o “ YA 20,8°C
(10 Min. Bxpeation) 11}
2 Stunden 1 )
nnch Vernclwelung (l) n @ R6%, WA C
{10 M Expositien) 1

2.8 Stunden . -
nach Vernebelung (m) It o 80% ] 20,7°0
{10 M. Expoaticn)

Kov: T¥or 1tems a == m, se. g end, Table 1, above’
Symbols :++ cannct be counted

+ at the countability limit
# no phazes

Pain mxneriments
— XS

A. Dronlet Phisa

. PN Vo ey,
vabterial ami etiods

To carry out the main experiments, I ucsd the experimentation charmber
and the nezzle employed in the proliminary exveriments, I sprayed a vaccine
viruys suspension which had bocen prepared as fcllows:

1ho susponsion was obtainei from calf raw material which had becn
rrours! un with buffered cookins salt solution and glycerine (2 p raw
miterial + 2 ml KaCl + € ml glveerine). This saspension was diluted with
Hanks-medium + LY (lactalbuminhydrolysate, ,east exiract)(Hennebe:z and
Lohler, 1%C1) and it was centrifurod at73° ¢ and 1,000 rpm. Repeated ti-

tration revealed values of about 5 » 107 units/ml,

Thero are two methods which turned out to be quite good in this
rhase of the experiment;
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1, Koch's sedimontation method without measurement of air volume;
2. The aspiration method, ‘

1. Xoch's Sedimentation Mothod

To establish viruses by means of Foch's sedimentation mothod, cells
of the FL strain wero brod in plastic cups or dishes with a diametor of
5.5 em, In ordor to achieve the formation of a compact cell carpet within
an incubation time of 48 hours av 37° C, 6 ml of cell susponsion were
pipetted into each dich (140,000-160,000 cells per ml),

2, Aspiration Method

For this method we used the simplified 'capillary impinger" accord-
ing to Rosebury (1947) (see Figure 1). The apparatus consists of a suction
bottie with a capacity of 500 ml, sealed Ly a perforated rubber stopper.

In tho porforation, we have a 1-mm pipette whose tip ends about =5 mm
above the bottom of the suction bottle and dips into the washing liquid.
The suction bottle is connected to a Pfeiffer vacuum pump. The volume of
air to be transported depends on the dismoter of the lower pipstte cponing,
assuming that the suction force of the pump is constant; in the washing
bottles used in this experiment, the air volume was between 9,5 and 10,0
1/min. The air volume was measured with a gas clock.

In the aspiration method, tho particies in the air are expelled due
to the high flow spoed of the air in the pipette along the plass bottom and
the Wwater surface aaxd they are enriched in the washing liquid,

In the experiments performed here, the washins liquid used was
Fanks solution + LH, modified in the Pobert Koch Institute (Eonnebery and
Xohler, 1961)., P, adding silicon anti-foaming apgent (SH), we tried to re
duce the foaming of the Hanks solution and to cut cdown on the loss of fine
water dropleots, respectively, to prevont any coarulation of the viruszes in
the solution, ve weighed the washing liquid before ard after the experia
ment and found that the losses were quite minor. Besides, it was necessary
to add antiblotics in order to eliminate any accidental bacteria-containing
additions of air as ruch as possible,

Exporiments

1. "ynawimant

To simplify the following exporiments, the first thing we wented to
investigate was the distribution tendency of the aerosol, If it turned
out that the distribution was uniform, then we would have to take samples
at only one sempling point in the subsequent experiments in order to exume
ine the ratios armd cond?itions here,

The plates were exposed at 3 different places in the chamber (do-
sicnated I, II, and III in Table 4) for 10 rdnutes, each, at various times,
more specifically, during atordization (about 2 minutes), right afterward,
and 30 mnutes, 1 hour, 1-1/2 hours, 2 hours, 2-1/2 hours, 3 hours, and
3-1/2 houres after atomization, The rel.tive air humidity in theoexpori-
mentation chamber was 40-50% and the tewperature was about 20-22" C,

———— .




Wle atordzed 0.5 ml of virus suspension (titer: § o 107/ml) in 2 mne
vtes, in other words, a total of 25 million viruses, If wo assume that
overy drop constitutes a CPE (cytopathogenie effect) on the coll layer,
thon the cxperiments prove that the larre drops caused big CPE areas on the
firstecxnosed plates (durine and rirht after atomization) because of their
strons scdimentation tendency, whereas sraller droplets formed smaller CPE
spots. Tho values obtained for the CPE and given in Table & show that the
virusos voro distributed unifarmly throuchout the chamber 30 minuteos after
atomization, The amount of the virus gquantity as well as the strons devele
opment of the CPE during atomization and immcdiately afterward (see Figure
7a) can be considercd proof that large quantitios of aerosol droplets were
scdimented and that; under ceortain circumstances, they swopt finer part-
jeles present in the chamber air alonr with them down to the bottom, that
is to say, finer particles which otherwise might have spread out much more.

Table 4. Virus Aeroscl Distribution Tendency

Sampling Yo of CPE per Reolative
Exvosure Tine Points Dish Humidity Temperature
Prior to atomication °
(ompty control) ¢ _ 50% 21° ¢
During; atomization I °
II =+ 52% A° ¢
111
Irmmediately after atorizae~ I . o
tion{10 mn exposuare) II ++ 53. 21,17 C
111
30 min after atorization M 35 °
(10 min oxposure) It 27 51 21.1% ¢
1.1 20
1 hr aftor atomization I 22 o
(10 rdn exposure) 11 27 599 21.2° ¢
III 1?7
1-1/2 hrs after atomiza=- 1 19 °
tion (10 min exposure) Lo b hog 2i.3°¢C
I11 14
2 hrs after atordzation I 10 o
(10 rdn exposure) II 1h 50% 21.3°¢C
J1I i1
2-1/2 hrs after atomiza- I 9 o
tion (10 min exposure) II 10 50% 21.47¢C
111 4
3 hrs after atomization I 5 o
(10 min oxposure) 11 4 508 21.5°¢C
111 6
3.1/2 hrs aftor atordza- I 3 o
tien (10 rin exposure) 1I 2 50% 21,7°¢
JII ¢
Symbols: +++ heavy CPE formation; ++ modorate CPE formation; $ no CPE forme

atjon,
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In the preliminary oxporiments we had found that the yield is greator
whon the eell layors of the plates, which aro exposed to the air, are pro-
vided with no more than about 1 ml of mcdium; this was supposed to provent
drying out. After the termination of tho experiments, we pipetted 5 ml of
preservation medium in (Parkor modium 199 and 2% calf sorum)(Hennebarg and
Kohler, 1961), Tho plates thus charged with medium were placed in a CO
container ard the lattor was placed in an incubator. After 3 days of
incubayion, the plates.were exarined for CPE, In those experiments we found
that the CPE on those plates, which were axposed 3<'/2 hevws after atomizae
tion (see Figure 7c), could be rcad off easily only after the 4th or 5th
day, This is why the modium was chanped aftor the 3rd day of incubation in
order to preserve the cells,

We might add that plates wore exposed in every experiment prior to
atordzation in order to establish any viruses that might still be present.
These plates were callod the "“empty controls" in the tables. In Table &4,
we have the results of these controls,

S R R
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Fig 78. Abundant CPE formation in plates set ely after atomiza-

tion of virus aerosol.

Y L R L R L IR
f < M Al r‘." R

.

N M

KAt e
B cL

I

".-
;

Fig 7b, Half hour after atomization,
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Fig 7d.

¥ig 7e. Three ard a half hours after atomization,

(Meroscopic photograph, enlarged 1:80)
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UV irradiation of the experimontation chamber 24 hours before the

start of the experiments, in order to prevent any decontamination, proved
to be reliable,

{ L 2, Experimont

The suspension time, respeotively, the sedimontation tendoincy of a
virus aorvsol Wwere now examined at one sampling point in the ch nber, with
the rest of the experimental setup remaining the sams. The results obtained
here are shown in Table 5. Table 5 shows us that no CPE could be read off
] after 3-1/2 hours. To determine whether viruses could still be fourd in a
relatively long-lasting suspended state 3-1/2 hours after atomization, the
air was suctioned off for S minutes by means of the aspiration method (about
40-50 liters)., Then the washing liquid was thoroughly mixed and a square
bottle was inoculated with 1 ml, After 3-4 days of incubation, no CPE could
be found in the square bottle, The assertion that all viruses aras sedimented
after 3-1/2 hours thus would not seem to be correct., Instead it would seem
to bo more accurate to say that the limit of demonstrability is at 3-1/2

-3 hours after atomization. It is to be assumed that the limit of demonstra-
g_ bility depends on the "infection multiplicity" (that is, the nunber of ine
% fectious virus particles in proportion to the number of available particles).
] This infection multiplicity decreases in time, sc that nc more CPE formation
_?% is possible,
% If we want to examine the sodimentation conditions according to
= Stokes' law, then we can compute the drop velocity (W) for particles with
- a diameter of 2.5 X 10~ cm as follows:
o2
1 N
r=1.25+10" em
- g = earth's acceleration = 981 em/s?
‘ =1 g/c:m3
. 107 B
H=2 *q cm - sec
= W =61 em/hr

I

If we keep in mind that the experimentation chambor is 51 em high
this means that the particles were sedimented with & radius of 1.25 -10"[* en
within one hour, while the CPE, obtained up to 3=1/2 hours after atomizae
tion, was produced by particles of smaller size,

-1“-
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Table 5. Suspension Time und Sedimentation Tendency of Virus Aerosols

[ T e e . e A e e e e e

Antahl der CPE Relative

2t der Exposition pro, Nehialo Luftfeuchto - Temperatur
@ . TAe) (@) (@)

Vor Vernelwlung ’ e

flavrkantrolle) (f) N ¢ 637% e

Wahrenil dee ' ) .

Vemebelung (g) + 4+ 837, 22°C

P'nmattelbar nach -

Verwbehing () - + + hiv, 21,R°C

{#: Min, Bxpomtion)} :

20 Minuten .

nach Vernehelung (1) - N 685, . : £1,9°C

{10 Min. Exposition)

1 Stuntlo .

anch Verobelun g (j ) ' 27 B84, 22°C

{10 M. Kxposition) - '

1.5 Stunden

narh Vornebolung (k) T 10 837, 223°C

{11 Min Fxpomition) .

1 Stunden .

nach Vernebelung (1) 12 Bno, 2:,2°C

(10 Min. Exponitinn)

2.5 Stunder, .

nach Vernrhelung gm) i} 507, 22.8°C

(10 Min. Exposeition :

3 Stunden

nteh Vernchelung n) & B5(1%, 22.5°C

(1n Min. Exposition

3.8 Stun fen

aach Veenehelung 'o) 3 0%, 22.5°C

{10 Mini. Eixpomtion

Key: FFor Items a -- 0 and Symbols, see Koy %o Tatle 4, above,"

3, Exoeriment

In the experiment described below, we investigated the suspension
time of a virus aerosol, with the initial material dilgted in this case,
Repoated titration revealed values of about 4,3-5 ¢ 10°/ml, The experi-
mental sotup was the same,

Table 6 shows the results achievod hero. These results indicate that
no more viruses could be established 1-1/2 hours after atomization., From
this we can conclude that, in the case of an acrosol with roduced titer, the
viruses can bo establishe’ for a shorter period of time only, that is to
say, shorter than for the caso of an acrosol with a higher titer, The
reason for this lies in the fact that tho existence of an "infection mule
tiplicity" which would suffice to produce an infection -~ a presence which
decreasos over a poriod of time == can be vory small, that is to say, ve.,
rare in the ca.o of a virus suspension with a low titer.
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Table 6, Sodimentation Tendency of a Virus Aorosol with low Titer

o CPE - .
Zeitder l'zxpnmuon . A";“hlghhr“k‘l E L‘l.:( ‘f"t':}?m , Temperatyr
e . - A . _ka)- jcs éd) {-&)-» !
3 B vor Vernrbelung : o oo
1 (lmrkon!m\k‘) (f) v 6470 22,2°C
Wahrendt der Vernobelung  (g)  + + 64c, 22.3°C
; Unmttclbar
i anch Vernebelung ¢4, + 83°, 29,20
: (10 M, }')xpu-umn}

3¢ Mimuten ]
nach Vernebelung (1) 20 n2e, 21.3°C
{10 Min. Expoaition} .

z 1 Stunde nach Yernobolung . o

H ] {10 M. Expwition) (j) 1 53% 22,1°C

,: 4 1.5 Stunden 7

z 2 nech Vornebelung ) ' 8 529, )

£ E (10 Min. ElpooitioSl}( o
B ) 2 Stunden .

z narh Vornebelung (1 o 519 22°C

{10 Min, Expoaition)

2,5 Stunden .

E ceii—-  pach Vemnbolung (M) .o 507, 22°C
{10 Min. Fxporition} ' ’

...N‘,..‘
I
;

3 Stunden

.nach Vernobelung (n) o 607% 22°C
H (10 Min. Exposition)
- - 3.5 8tunden

nach Vernebelung (0) P 40%, 22°C

{10 Min. Expomtion)

Key: TFor Key, see Items a == o and Symbols, Table 4, above,"

- 9 ’
If we consider the "infection sultiplicity," then we musi figure out
the virus content of the droplets which are atomized in & virus suspension

o of 0.5 ml, I

The number of droplets contained in 0,5 ml of atomizsd virus suspen-
sion is computed as follows:

= | X = z
i -
: X = MNumber of droplets
V = Volume of virus suspension atomized

it
<3
-~
f

Volume of a droplet

The volume of a droplet can be computed according to tne tollowing
oquation (assuming that the droplets are spherical and have a radius of
1.25 - 107

= 4 4
: A g Tt g B 126 (0]

V=2 B120 100

-16-

3
E
|
3
o+
E
H
i
i




The atomized volumo of 0,5 ml wvirus suspension thus corresponds 4o
a droplet count of:

; o,h
N = = 16 faie
LI TR

Thoe number of virusos in 0.5 ml virus s:spension was 2.5 ° 107

(titer: 5 107/nl). This brin~s us to the quostion as toc the volume of
the viruses contained in tho droplots:

i 1. whon We have a titer of § 107/ml.
: 12. in the case of a susponsion with the rather low titer of
5 . 10h/ml.

In connection with (1), we can say the following:
(LR ST [T
PREIES [T (I
that 1s, that we will have 1 virus in a volume of 2,460 droplets, assuming
that the viruses are uniformly distributed,

2dhi

In connectiog with (2), above, we can say the follo..ng: If we have
a titer of 2.5 » 105/0,.5 ml, then 1 virus will be contained in 24,600 drop-
lets, '

Those data tecll us something about how rreat the diffeorence can be in
the virus content of the drorlets al various titer levels, -'e can therofore
assumo with some derree of probability that the short susnension time of
varticles in a virus suspensien with a low titer can be traced to the do-
monstrability of the "infection multiplicity' which in this case would not
bo sufficiont to cause infection. The above colurin graph (Figure 3) is
intemiod to illustrate the sodimentation ratios for various titers.

L, Fmoeriment

In this exoeriment we investipatod the influence of tho reduced
relative huridity (for the method used, see formulas given above). Table
7 shows us the reosults obtained here. 4As exnccted, the viruses revealed a
guantitativoly small sedimentation terdency vhen the relative humidity was
low while the suspension time remained the same., The virus concentration in
tho chamber thus docreased more slowly when the humidity was lower and this
1s probably due to the faster cvaporation of the outer envelope of the virus
droplets, that is to say, it may be due to the faster shrinkage of their
circunference arnd also of thelr sedimontation speod.

-17-
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\ Key: Soe Key, Tablo L, above?

Table 7, Sodimont-tion Tondoncy of Virus Acrosol at
Roducad HReolatdve Alr Humidity

PR o .

it dor Eapeation Anvahlilor OVE Relntive Torayeratur

jrro ‘ll-SmIn l.uﬁ{m hite

(a) IR ¢ NSRRI ¢) DU ¢ S

Vor Vernebolung . " Genge
tiavrkontrolic) (f) ' _” ° we
Wiahrwd der " 5 e
Vernehelung (g) . A 177 RN
U'ntattelhar
nach Vernchelung  (h 4 177, 22370
(10 Min. Expomtion) '
20 Minnten .
nach Vernebelung (i) 28 e, 22,90°¢
(10 Min. Exponarlion) ' ’
1 Stunde )
nach Vemehelung " (§) 20 0%, 22.3°C

{10 Min. Expoaition)

1.5 [tunden . .
nnch Vernebolung (K 18 07, 24800
{10 M. Kxpoation)

2 Stawden

nnch Vernebelung 1 14 W, - AR C
{10 M. Expomtion)

2.5 Stunden .

nach Vernebelung  (m) 1 . 18°, 22.5°C
(10 Min. Expoaition)

3 Btunden

nach Vernebelung (n) 4 187, 22.6°C
(10 Min. Expasition)

X4 Stundsn

nach Verneislung .) 1 10% 22,6°C
(10 Min. Expoumong :

5., FExpcrimont

Hore we wanted to investirate the influence of in.ccased relative
nuriddity on the suspension time of the virus acrosol. The experimental
setup was the same, 7o achieve the desired rclative humidity, we sprayed
Aqua dest. which had been heatosd %o 20° €, into the chamber from a coray
bottle, In this conncction wo had to make sure that the water droplots
necossary for the generation of the ailr humidity had already been sedie
montod prior to the subsequent virus atomization, The air humidity was cone
trolled durins the erperiment with a hyrromoter. Table 8 shows us that
during the first 30 minutes, when the humidity is high, considerably rore
virus droplets were sedimented than whon tho humidity was averazo or low.
During the following interval of time, howover, wo Wereo able to observe a
continual drop in the sedimentation rate., The larpo numbor of viruses “"hich
were sodimented during the first 30 minutes after ato.dzation caused a
rapid reduction in the virus concentration and, as a rosult of this, also
a reduction in the suspension time, This erporiment and the preceding ex-
periment show us that humidity plays a very important role in the sodiment-
ation tendency. Figure 3, above, constitutes a graphic illustration of the
conditions examined hore.
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Tablo 8, S~dimontation Tendeney of Virus Aorosol at
Increased Relative Ar Humidity

Anrahl der CPE Helnhive

Zotdrr Expoaton X Temperatur
o S Gals Lalthyhite

TR © I ) o)

Vor Verneheliing X " N0
‘ KN - t

(Lo rkontrolbe} ({) ' o [N
Wb ad der Vo belune () 4 4 8 e, NTC
Vinmttelbo- nuch Vernebeling g4 v, I .

1 M. Expomtion) (h)

A Minuten nach Vernebelung

. [} RO %"
(ML Expositiony (1) ° e
I Stede pach Vernebelang o - “ -
. 21 .5, SRV
{10 M. Eapomtion) (_])
LA Standen nueh Vorgebehung - e
- . 1 LI 20,8°C
{10 M. Exposovn) { ‘o
M Ntanden nact Vernebelung 13 30 20.8°C
(19 Min. Exposition) { e ' )
2.5 Stinvlen noaeh Vernebelung e
- ; 8 00 20,7°C
{10 Min. Expositan) (m) °
3 Stunden nach Vernebwelung s0° 207°¢
{10 Min. Evposition) n) 3 vee - .
35 Stunden nach Varnebelung 5 80" 230.7°C
B ) =i}, .

{10 Min. Faxposition) (0)

Yey: MSoo Key, Table 4, abova?

6. Txperiment

Heio we investipated tho virus count for various herirhts of chambor
air Fabovo tho chamber bottom?, For this nurpose, the air was suctioned
off at heichts of 35 cm and 55 cn (sce aspiration nethod). To detcrmine
vhother air oddies are formod ac a result of the fact that the suction
bottle 15 connceted in at a drher heirht level e air oddies which micht
have an effcet on the results of the bottle suctionine in the lower layer
== We Derformed a numbor of control ea:r-rirmeonts, In two separate experi-
ments, air samples wero taken first of all at a height of 35 em and then,
in the other exreraiment, at a heizht or 55 em, 1 nour after atormization.
The results obtained here revealed only vory minor difforencos compared to
the oxperimeont wWith the two suction bottles; this means that wo were able
to prove that the jointly operating suction bottles do not influsnce each
other,

To establish the viruses precent in the washing liquid, we removed
1 ml of washirz liquid Trom each suction bottle and we used this quantity
to inoculate five ¢ 'uarc bottlos. Tho count of the CPE in the uppsr suce
tion bottle rovcalc. averagc values of 21 viruses per ml, The count of the
C2?E in tho lower suction bottle gavo us averapges of 58 viruses per ml. This
means that the virus count drops as the heipght increases and the saie ap=
~lies to the infectiousness of the air.
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Dotermipation of Mist Partieleon Infeeted 1dth T3 Phares

Tho vaccino viruses have a rolatively high desroo of infectiousness
and can cause impalrmont of health in the person conducting tho exporia
manta; we therofore melected T3 phages as oxporimontal modols for the next
part of our project,

Sedimonted, microorranism-containin- dust particles can, for instance,
stick to wool blankets or to other surfaces in the sick room, Py mnans of
various types of handlinz, such as shakdnrs out or movins blankets, infocteu
fibers can pot into thea air, Dust particlos, with infoctious microorpanisms
sticking to them, can aly: be renderad canpable of suspension as a result of
air curronts due to tho copening or closing of doors, The followins part of
this study is therofore of particularly preat practical importance.

It was intoroesting to find out hero just how long dust particloes can
b. determined in tho air and how theoy bohave at varying keights and in varye
ing placoes throughout a room. In this kind of problem we are not so much
intorested in determining the size of the particles or in studying the ine
fluencs of the humidity and the room temperature; likewise, wo do not roe
quire an atomization of particles with a cortain size in studying the prob=
lem we are concerncd with here,

Vaterial and Yethods

The experiment was conducted &n a larse, btlacked-out laboratory room
(heirht: 3,5 m). Dust from a vacuum cleaner was sc*n<ned scveral times and
was sterilited for 3 hours at a temporature 150—160 C, in dry heat, The
sterilized dust was mixod in a Potri dish with a T, phage suspension (titer:
4 - 108/ml) and it was then dried for soveral \OOKJ in an ovacuated, Cafi-
containing -xsiccator, The driced dust was removed from the surface of
the dish and was then ground in a mortar., For atomization, 0.5 ¢ of the
infectod dust was finely distributed over a large surface and a dust cloud
was then produced by mcans of a pipette which was connected to & compressode
air pump. The change of the concentration of tho particles in the room was
determined by means of the sedimontation method,

For this purpose we used Petri dishcs containing blue-apgar; these
dishes were inoculated with coll strain "B/am" (bacteria sensitive to T
phages). J

The dishes were exposcd at the following points throughout the room:

1. Middle of the roon, floor

2. Right side of room, surface of wash basin

3., Corner of room, 1.5 m below tho cciling on a shelf
L, left side of rocm, 1 m above floor on a table

s, Left side of room, corner, 0.5 m above floor

6. Right sido of room, corner, on a stool

7. On the deoor

8, On the floor, under tho table

9. Mddle of room, 1 m above {loor

10, On windown

- 20 -
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The exposuro times were 1, 2, 3, and 4 hours afteor atomization; cach
Petrd dish was eoxposod to tho dust ecleud for 20 minutes. After termdriidon
of tho axperinment, tho closod Petrl diches were kept for 24 hours in s«
incubator at 37° C and they wore thon photorraphed with a camera econnocted
to the plate microscope, The plates Mplanuos? formed by the T_3 phares and
tho polyrorphia of the dust will beo cxplaired in connection with the
illustrations,

Another possibility for observation was crecatod with the help of a
lamp which renoratod ray bundles in the darkened room, The processos take
ing place during this phase woro likewlsoe photerraphed,

Eggnlts

I would first of all like to report the findin~s made thrcuchout the
entire experiment by tho observer - zrovided with headrear, mouth protoction,
and protective clothing =< with the proviously nontioned light source ine

* 5talled to the side.

Prior to atormization, dust particles could be hardly recopnized in
the 1irht comins in fronm tho side {sce Firwoe fa), Rirht after atomizae
tion, one could sec a thick cloud of particies alo:.. the ~ntire len~th of
tho lirht ray and this cloud was distributced in all dirocectdions throushout
the room after rapid motions (seo igure &b); 30 minutes after atomizatien,
it was possible to obscrve a hirh de-ree of particle scdi-entation (sce
Firuro 8c¢), As little as 1 hour after atorization, wo had ~n extracrdinare
11y strea- concentration deercase and! we could obscrve a uniform distritui-
tion of lhe particles over the entirc roon (secc Mrure Se). Onc mi~ht now
cexvect that the air currents, brousht about bty the constant mevement of the
oonserver in the room as well as by the intentional oponing and closing of
the door three times, would have caused tho dust particleg to be distri-
buted unevenly.

e b g bt o

3
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Fig 8a, Condition of exnerimentation room prior %o atormization, OCnly very
fow dust particles can bo recornized in the picture, (Exposurs
timo: 1/5 sccond,)
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O Fir 8b, Movemont of dust particles photographed irmediately after atomza
. T -tdon (Exposure time: 1/5 sec).
Vi ,
- T A |
Fig 8. Increased nurmber ot sodimenting dust particles, 30 rdnutes after
atorzation {Cxposure time: 1/5 seoc),
4
1
—d
) Fig 8. Pnoto taken 30 minutes after atordzation, 0.5 m bolow ceilinz of
. room, showing small quantity of dust particles (exmosure tine:
1/5 sec),
- 22 -
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Fig 82, Photo taken 1 hour after atomization, 1.5 m below room ceiling,
showing completely umiform distribution of duut particles (expos=
wre time: 1/5 sec),

The observations made at various height levels throughout the room
“revealed the followins:

At 30 mnutes after atordzation, the dust volume 0.5 m below the

coiling ¢f the room was at a minimum (sec Figure 81); this can be explained

" by the abovementioned heavy sedimentation; 1 hour after atordeation, a
smaller number of dust particles was observed 0,5 m below the ceiling than
1.5 m below the room ceilins (see Fig 8e¢), This can probably be explained
by saying that the larrest quantity of dust particles at that time is ale.
roady in sedimentatior: 90 minutes after atomizatlon, the situation was
oxactly opposite of what it was earlier, 0.5 m below the room ceiling, that
is to say, that there was a relative increase in the guantity of the part-
icles as the hoirht increased, This phenomenon can be explained by saying
that the uniform distribution of the dust particles, which had already begun
at that moment, enzbled the dust to contimiv to be suspended in the room, in
theo air, in spite of tho laws of gravity Lecause the particle mumber in the
volume unit is rreater in the lower layers than in the higher layars and
because an air volume streaming upward from below will move more particles
to the higher levels than an equally large volume of air, coming from above,
can carry dowrward,

The results achleved with phages in this experiment are shown in
Table G, The table shows that there was a very rapid drop in the dust cone
centration 1 hour after atordzation, The quantity of the phages that had
droppod Ants the dishes was just about uniform in all phages; 2 hours after
atomization only very few phages could be established and 3 hours after atom-
i1zation the mumber of phages that could still be determined bhad dropped to &
minimm; 4 hours after atomization, none of the dishes exposed revealed any

phages,
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Teble 9, Sedimentation Terdency of Dust Partisles Infeoted
S With 1‘3 Phages an a laboratory Room

) ' (b) Ansah dor Phagen
Expositionsatelien 18 nach 3 8td.nach 3 Btd.nach, 4 Btd. nech
(a)_ Tetyre Yempgyne Yemyeyne Teppyee
. ' 4 4 2 . o
2. + 1 i ' &
3. + 1 P P
4. + ] 2 @
8. + 4 2 - o
6. + 4 3 ]
1. + 2 1 [}
A + 4 ) o
9. + 2 1 o
t0. + 1 N )

!
|
|
}
|
|
{

Key: a, Flaces at which Petri dishes were exposed (see Fig 8e)

b, Number of phages + Number of phages exceeded
. €. One hour after atomization the limdt of countability

d., Two hours after atomization # No phages could be

o. Three hours after atordzation established here

f. Four hours arter atomization

. It is interesting to note that the findings made with the help of
the incoming 1ight, as shown in the photos, agreed completely with the re=

sults obtained on the basis of the observations of phage growth on tne exe
posed Petri dishes.

Discussion

Diseases such as snallpox or diseases of the respiratory tract,
! v.easles, or varicella can be caused also ty the fact that the viruses
i reach the human organism by means of aspiration through the respiratory
; tracts, In this kind of infection, the suspension time of the microorganisme
! bearing particles in the air constitutes an important factor, In order to
determine how aocrogenic viruses can be enmmmnicated and can thus cause ine
fections, we must learn more about the physical magnitudes which enable the
particles to remain in suspension, This kdnd of suspension state assumes
particular importance in the dust particles because the latter have a large

surfice and are quite bulky, although their mass or weight might be relae
tively smaller.

If the droplet nuclel (sec Note)(Gordon and Ingalls, 1946) are sedie
nented, then they may get into the air again together with dust particles
or they may stick to these dust particles (aire=borne ur dust=borne infece
tion)(see Note)(Gordon and Ingalls, 1964),

{FTNote! These are faciors which are often mentioned in Pritish and
Ansriocan literature but for which we do not yet have any definitive terms
in the German language.)

-2“-




Vivg 4TV

e
] g% INOT}REPRODUCT: T
’!

L—_——— ' -l
Fig 9a, b, ¢. FPlaques of dust particles charged with 'I'3 phages, The photos
show the polymorphic aspect of the dust, dust particles”inside tha plaques,

as well as those that did not produce any plemes. (Microscopic photos,
enlarged 1:33)
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Mg %, KNegative result after & hours.

The sowcalled "dust-borne" infection phase avplies in viruses which
remain on dust particles for a long time; this is true of the viruses of
_n;gl_}pox. psittacosis, poliomyelitis, influenza, and measles (Scisriettke,
1961),

The data developed experimentally in Section B, above, reveal that
dust particles charged with T3 phages are sedimented considerably faster
than was the case in the droplet phase (considering the amount of the
volume and the environmental conditions of the experimentation chamber, on
the one hand, and the identical conditions in the laboratory room in which
the dust phass experiments were conducted, on the other hand), We can ex-
plain this as follows: the T, phages are probably mostly connected with
coarse=dispersed dust particlds, This 1s supported by the rather strikdng
decrease in the aerosol concentration due to the sedimentation of the large
T dust partiecles during the first 30 minutes after atormization. However, this
4 may lead to the possibdlity that a certain bacteria volume might not be cone
nected with the dust particles (see Figure Sa, b, ¢) or that the bacteria
lost this contact or connection at the time of atordzation == which, in turn,
; meant that individual 'I‘3 phages present in the air could not be spotted,

: If we were correct in assuming that the phages lost their contact with
the dust particles during atomication, then the time of their stay in the
air would be the same or it even exceeded the time involved in the droplet
phase because we found salts and other substances on the surface of the 'I‘3
phages in the droplet phase after tho complete evaporation of the outtide

! water snvelope; these salts and other substances had been present in the

1 drop and thus caused a faster sedimentation to take place,

i

Lot us now correlate the experimental results with the factors that
snter the picture in the sedimentation of aerosols,

The suspension time is determined by the following factors:

b Al 1 W bl ot o it i | b s

1, Shape and Size of Particles
(a) Shape of Particles

It is assumed that the particles are spherical and this is probably
quite correct, with some degree of probability of course,
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(b) Particle Size

This factor is very important for the duration of suspension and for
other events which will be mentioned later on; this factor, in turn, depends
on other forces:

One very important factor which is yet to be studied theoretically is
the coagulation of nariicles as a result of Brown's movement,

In Russian literature on tho subject (Bolotovskiy, 1961), we car find
a formula which tells us somothing about the coagulation of the particles
as a result of Brown's movement. The solution of this forrmla calls for the
average diameter of the droplets produced by the nozrle, Unfortunately, we
do not know the exact average value for the particles (see Material and
Methodology used in Preliminary Experiments).

Furthermore, Shishkin (1954) showed that, if we have a particle dia-
meter of 2 mi, there is a decrease in the rumber of particles due to the
so-cailed "Brown coagulation'; this decrease amounts to 504 within 70 hours.
If we keep in mind the theory developed by Remy (1949) == to the effect that
the extreme size which the particles may have can be & e8sed in terms of
a diameter of 2.5 « 10-4 em, and if we consider information supplied by the
Drager Company according to which the average of the noz:le-generated drop-
lets does not exceed a diameter of 2 * 10=% == then we can say that the
coagulation of the particles on the basis of Brown's movement has no signi.
ficance at all.

One factor, which in actual practice corresponds to the effect of the
drafts in rooms and corriders, is called the turbtulent coapgulation (Bolotov-
sidy, 1961), Ry this we mean a rather forceful coagulation which 4s the
result of uneven air movemonts and which car cause a change in the particle
size, This form of coagulation, however, need not be taken into considera-
tion in Section A because its effect extends only over a rather short intere
vel of time during atomization and because such uneven air movements can be
avoided if we proceod cauliously in handling things in the chamber or roonm,
A ccllision of the particles on the basis of the diffurences in the drop
velocity can be ruled out according to the computations of langmuir (1948},

One xtremoly important factor is the coagulation of tho particles
on the basis of their electricul charge (Bolotovsidy, 1961), There is
nothing we can say about the effect of electrical coagulation because the
electrical charge of the particles was nnt investipated, The assumption
that we get unipolarity if we artificially produce aerosols can just about
be ruled out, But we can assume with some degrees of certainty that the
suspended particles are charged after a certain time even when we use arti.
ficial or synthetic aerosols; they are charged here when they adsorb gas
ions from the air. The charge process here can be understood as a process
of diffusion of the small ions into the particle (Kuhn, 1948), In this cone
nection the particles take on a boundary charge which deperds only to a very
minor extent on the level of the original ion density. If this were the
ocass, then one would have to anticipate a change in the particle sise,
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2, Relative Humid)ty
Our experiments showed that relative humidity has a great effeot on

7 the suspension time of the particles, As a result of the sxperiments we can

say that a high virus concentration is preserved longest when the air hum-
idity 4s low; this is due to tha faster evaporation of the outer layer of
the virusecontaining droplets, that is to say, the faster reduction of
their circumference and thus also the faster reduction of their sadimenta-
tion speed, As the humidity increases, the speed of evaporation decreases
and the droplets are sedimented faster,

The size of the particles influsnces not only the suspension time
but is also oritical with respect to the places throughout the respiratory
tract where these particles are aoposited, According to Noble, et al (1963)
the diameter of human-pathogenic suspended particles is between 4 mu and
20 mu, The following data are available with respect to the deposit of a
polydispersed aeresol in various parts of the animal respiratory system:

In rabbit experiments (Buckland, et al, 1950), it was found that,
when an aerosol with a particle radius of 0.5 rm is inhaled, 29% of the
particles are deposited in tha nasopharynx, 13-197 are deposited in the
windpipes, and 51-587% are deposited in the pulmonary alveoli, Particies
with a radius of 2 rm could be determined in the nasopharynx to the extent
of 65¢ and those with a radius of 4 mu were found to the extent of 98%,

Mouse experiments (Shoshkes, 1950) revealed the following particle
distribution over the bronchia, the bronchial alveoli, and the pulmonary
aoveoli: particles with a radius of 0.2-0.62 mu were found to the extent
of 26%, 324 and 427 and those with a radius of 1,46-1.88 mu were fourd to
the extent of UBf, respectively, 15%7.

On this basis, we can conclude that the inhaled particles of the virus
suspension will pen: trate all the more deeply into the respiratory tract,
the smaller their circumference happens to be,

3. Virus Content of a Droplet

In the expariments we fournd that viruses can bo sstablished in an
aerosol with a higher titer for a longer timo than in an aerosol with a lower
titer, If we want to determine the virus content of a droplet when we have
a certain titer, then we rust first of all compute the volume of a droplet;
this can be done with the help of the formla given earlier.

Explanationt

(a) This probably has something to do with the "infection multipli-
city," that is to say, with the number of viruses necessary to trigger a
cytopathogenic effect. This means that, if we work with aerosols with a
high titer, there must be a possitdlity for a greater "infection multipli-
city" than in the case of aerosols with a low titer,

(b) The probatdlity of demonstrability tends to decrease over a
period of time to a much greater extent vhen we have a low titer than when
we have & high titer,
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Wa might mention the followinn places where infectious asrosols can
bo generated and from which they might spread in actual practice,
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(a) First of all we have tho hospital environment here where the
droplots get into the air whenever patients or other virus carriers sneete,
‘ cough, or talk, Hore the air, as the carrier of tho viruses, plays an ime
' portant role in the vicious circle of hospitalism (Henneberg, 1963)., This
' is why 1t 48 extraordinarily important te educato and inform all persons
i involved (among others, Henneborg, 1961), The fact that the communication
' of hepatitis, which currently is probably the most frequent disease en-

; countered under hospitalism, can tako place also because droplets separated
by patients get into the air and perhaps come to adhere to some of the rous
tine instruments used in the hospital (probes, twcezers, cathetors, syringes,
ete), fvlly confirms Henneberg's attitude toward this problem also with re-
spect to the importance of educating and informing everyone on this tople.

vl Mt

RV S
|

Minally we might mention here the prevention of aerogenically come
; minicated infectious diseases in podiatric c¢linies. Here it is very import.
£ ant to set up individual cutdcles with no more than 2 beds and to see to
' the decontamination of the air in rooms through UV irradiation, the elimins-
tion of any other co-munication possibilities such as door knobs, water
faucets, etc, through the introduction of elbow-operated or foot-operated
, fixtures and devices. In 1965, for instance, I fourd out that the infect-
: ious disease department of the BerlimeCharlottenburg Municipal Children's
Clinic (Prof Dr ‘iesener, Clinic Director) was able to achieve considerable

successes here,

(b) Infectious aercsols can originate in many ways in the laborator-
ies (Albrecht, 1961). Just about any work operation or activity can lead to
the formation of an aerosol which may urder certain circumstances be ine
fectious. Here the source of origin of this aerosol in most cases is not
far from the nose armd the mouth of the persons working in the laboratory.
This mostly involves a polydispersed aerosol which can develop whenever
rapidly moved liquids are suddenly braked very severely when they encounter
an obstacle armd when these liquids are turned into a form of spray as a rew
sult of this, Gonerally, wo only have very few particles with the kKind of
gize that would cause them ${o remain in suspension even if the air were
calm, The virus-carrylng particles become capable of suspensicn in the
following way: either the liquid made up of larger particles is quickly

; evaporated in the dry laboratory air or the viruses, sprayed over the sure
faces, are carried into the air after drying, together with dust particles
or in a situation in vwhich they stick to these dust particles ("aireborne,"
respectively, "dust-borns infection"),

Infectious aerosols can develop in connection with the following
operations in the laboratory:

i, When we mix virus.containing liquids by means of pipettes or when
thess liquids are blewn out of the pipettes, we get an aerosol which not
infrequently consists of mumercus droplets.

e
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2, If we use an annealed motal loop for inoculation or for other
handling of cultures, thon we might tear tho liquid film in that loop if we
move it rapidly through the air and we can thus infect the air, Furthere
more, we can et acrosols in the annecaling of loops, when we submerge hot
loops in liquids or due to the vibration of loops, for instance, when we
spread cultures on slides,

3. When liquid germ or virus cultures are moved forcefully and
abtruptly in agitators, mixers, fermenters, syringes, or as a result of
agitators or ultrasound or perhaps in centrifuges, we can also get aerosols,
If the culture containers are closed off, then the aerosol will not escape
until the container is opened,

4, When we work with mortars and similar instruments to grind up
solid virus cultures or infected materials we can likewise form an aerosol,

5. There is furthermore a possibility that the microorganisms might
escape into the surrounding room air in connection with the dry-freezing
method, both during drying as such and during the opening of the glass ves.
sels which are under a vacuunm,

(¢) Infected experimental animals in the animal stable (for instance,
psittacosis, spotted fever) constitute a danger source of the first order.
The elimination of the amimals causes the stable air to be enriched with
virus-contaiming droplets, respectively, infectious dust particles, The
animals keep moving arownd constantly and thoy therefore keeop the dust, ine
feacted by their excrements, constantly stirred up and in motion,

It is extremely difficult to answer the question as to wheothar 2uro=
genic virus communication is possible in the open torrein, for instance,
when the windows o1 a hospital room are oponed or when we air out laboratory
roonms in which we work with infectiuus materials; likowise, it is difficult
to say whether the already experimentally established anemochoria
(Weltzien) (aerogenous commnication of plant-pathogenic fungi) also
applies to viruses, If we look at tho conditions under which viruses are
transmitted in enclosed areas or rooms, then there is much more of a pro-
bability of aerogenic infection as tho suspension time of the particles ine.
creases, The suspension time again, depends upon the air movoment, that is
to say, if the air movement is uniform, the particles remain suspended
longer. If the air is stirred up, then the aerosocls are sedimented faster
armd they are then converted into aerogels, They stick to the surfaces until
they get back into the air the next time the air is stirred up. 'F

The situation however is entirely different in the open terrain.
Here practically all air currents produce eddies which are caused either
by boundary layor drift or %y obstacles (houses, rooms, etc), This phenone
aemon accordingly can extensively cancel out the effect of the laws of grav=-
1ty with respect to a dust particle in the atmosphere., Of course, the
altitude of particle flight can be practically unlimited here. The dilu.
tion of the concentration of particles, developing here, increases as the
flying altitude increases and we can therefore assume that we will have a
decresase in the probabllity of infection in the open terrain., On the basis
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07 these theoretical possibilitios we might say that the possibility of
virus sommunication in tho open terrain {for instance, nsar hospitals)
would seem to be oxtromely small, Of course, Wwe must not overlook the ro-
sistance of somo virus types on Mto? dust because it would at any rats be ’
possible that this property micht promote a transmission of the particular 3.3
viruses under cortain circumstances, = s
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Oompared to ths study of the acrogenous communication of viruses in
onclosod areas, an investigation of virus transmission in the open terrain .
would encounter by far preater difficulties ==~ to begin with, 4n regard to ,
tho possibility of identifylng and determining the presence of these
viruses,

Sumag i
In ordor to determine the laws of the propagation of viruses by

aeorosols (dust,droplets), experimonts on particle sedimontation were made
umor various conditions involving particle size, relative air humidity,
ard air temperature. As model viruses we used T'3 bacteriophages because
the demonstrability i1s rather easily achieved here and we used -vaccine
viruses becsuse thess are partioularly interesting urnder our conditions,

A number of methods hed % be tested in order to establish the presence of :
viruses in the air, It was possible to identify viruses, which were sedi- i
mented with dust or droplets, up to 3-1/2 hours, Conclusions as to the
propagation of viruses are drawn on the basis of the experimental resultas,
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